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correspond to orthogonal-transform-resultant coefficients
having order numbers equal to or higher than an order
number “nmin+1”, from code words composing a 1-intra-
frame segment of the input digital picture signal, where
“nmin” denotes a lower limit of an order number “n”. The
frame period NS of the special picture data and a target code
amount C are decided so that the estimated code amount
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APPARATUS FOR RECORDING DIGITAL
PICTURE SIGNAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to an apparatus for recording a
digital picture signal resulting from a compression process
using orthogonal transform.

2. Description of the Related Art

A digital picture signal conforming to the MPEG stan-
dards results from a compression process using orthogonal
transform. Such an MPEG digital picture signal represents a
sequence of frames including intra-frames and inter-frames.
Here, the intra-frames are generated by an intra-frame
encoding process while the 1nter-frames are generated by an
inter-frame predictive encoding process.

There 1s a digital VIR (video tape recorder) which
records a digital picture signal on a magnetic tape. A typical
digital picture signal to be recorded results from orthogonal
fransform 1mplementing data amount compression. An
example of such a digital picture signal 1s an MPEG digital
picture signal. As previously indicated, the digital picture
signal of this type represents a sequence of frames including
intra-frames and inter-frames. Accordingly, on the magnetic
tape loaded with the digital picture signal by the digital
VTR, there 1s a mixture of signal segments corresponding to
intra-frames and signal segments corresponding to inter-
frames. Generally, the positions of 1ntra-frame-
corresponding signal segments on the magnetic tape have a
orven period. A picture can be reproduced from only one
signal segment corresponding to an intra-frame while a
picture can not be reproduced from only one signal segment
corresponding to an inter-frame. Accordingly, a conven-
fional technique for special playback such as high-speed
scarch playback 1n a VIR of the VHS format can not be
applied to special reproduction of picture information from
such a digital VIR magnetic tape.

SUMMARY OF THE INVENTION

It 1s an object of this invention to provide an improved
apparatus for recording a digital picture signal.

A first aspect of this invention provides an apparatus for
recording a digital picture signal on a recording medium,
comprising first means for deleting code words, which
correspond to orthogonal-transform-resultant coefficients
having order numbers equal to or higher than an order
number “n+1”, from code words composing each 1-intra-
frame segment of an 1nput digital picture signal to generate
special picture data with a frame period NS on the basis of
the 1nput digital picture signal; second means for estimating
a code amount CF(nmin) of special picture data generated
by deleting code words, which correspond to orthogonal-
transform-resultant coefficients having order numbers equal
to or higher than an order number “nmin+1”, from code
words composing a l-intra-frame segment of the input
digital picture signal, where “nmin” denotes a lower limit of
an order number “n”; third means for deciding the frame
period NS of the special picture data and a target code
amount C so that the code amount CF(nmin) estimated by
the second means will be equal to or smaller than the target
code amount C; fourth means for recording the mput digital
picture signal on the recording medium; and fifth means for
recording the special picture data generated by the first

means on predetermined positions in the recording medium.

A second aspect of this 1nvention i1s based on the first
aspect thereof, and provides an apparatus wherein the third
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means comprises means for deciding whether or not the
code amount CF(nmin) estimated by the second means is
orcater than the target code amount C; means for preventing
at least a next 1-intra-frame segment of the input digital
picture signal from being used by the first means to generate
the special picture data; and means for imncrementing the
target code amount C by a value equal to a code amount
corresponding to the next 1-intra-frame segment of the input
digital picture signal.

A third aspect of this invention 1s based on the first aspect
thereof, and provides an apparatus further comprising sixth
means for estimating a code amount CF(n) of the special
picture data generated by the first means per intra-frame;
seventh means for estimating a code amount CF(n+1) of
special picture data generated by deleting code words, which
correspond to orthogonal-transform-resultant coefficients
having order numbers equal to or higher than an order
number “n+2”, from code words composing a 1-intra-frame
secgment of the mput digital picture signal; and eighth means
for deciding the order number “n” so that the target code
amount C will exist between the code amount CF(n) esti-
mated by the sixth means and the code amount CF(n+1)
estimated by the seventh means.

A fourth aspect of this invention 1s based on the first
aspect thereof, and provides an apparatus further comprising
sixth means for referring to motion vector data 1n the 1nput
digital picture signal, and thereby detecting a degree of
motion 1n a picture represented by the input digital picture
signal; and seventh means for decreasing the lower limait
“nmin” as the motion degree detected by the sixth means
Increases.

A fifth aspect of this invention provides an apparatus for
processing and recording a digital picture signal represent-
ing a sequence of frames including intra-frames and inter-
frames, the intra-frames relating to segments of the digital
picture signal which result from intra-frame encoding, the
inter-frames relating to segments of the digital picture signal
which result of inter-frame encoding, the digital picture
signal having a sequence of code words related to DCT
coellicients resulting from DCT block encoding, the DCT
coellicients being arrangement 1n a given order for every
block, the apparatus comprising first means for deleting
code words, which correspond to DCT coeflicients having
arrangement order numbers higher than an arrangement
order number “n”’, from code words related to each of blocks
composing a l-intra-frame segment of the mnput digital
picture signal to generate special picture data on the basis of
the digital picture signal; second means for estimating an
amount of the special picture data generated by the first
means per Intra-frame; third means for controlling the
arrangement order number “n” 1n response to the amount of
the special picture data which 1s estimated by the second
means; fourth means for recording the digital picture signal
on first areas of a recording medium; and fifth means for
recording the special picture data generated by the first
means on second areas of the recording medium which differ
from the first areas.

A sixth aspect of this invention provides an apparatus for
processing and recording a digital picture signal represent-
ing a sequence of frames including intra-frames and inter-
frames, the intra-frames relating to segments of the digital
picture signal which result from intra-frame encoding, the
inter-frames relating to segments of the digital picture signal
which result from inter-frame encoding, the apparatus com-
prising first means for generating special picture data on the
basis of 1-intra-frame segments of the digital picture signal;
seccond means for estimating an amount of the special
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picture data generated by the first means per intra-frame;
third means for selectively discarding a 1-intra-frame seg-
ment of the digital picture signal, and thereby preventing
said 1-1ntra-frame segment of the digital picture signal from
being used by the first meas in response to the amount
estimated by the second means; fourth means for recording
the digital picture signal on {first areas of a recording
medium; and fifth means for recording the special picture
data generated by the first means on second arecas of the
recording medium which ditfer from the first areas.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a digital VIR according to a first
embodiment of this invention.

FIG. 2 1s a diagram of the arrangement order numbers of
DCT coeflicients composing one DCT block.

FIG. 3 1s a diagram of an example of the states of DCT
coellicients composing one DCT block.

FIG. 4 1s a diagram of a formatting section 1 FIG. 1.

FIG. 5 1s a diagram of tracks on a magnetic tape, and
special areas arranged on the tracks.

FIG. 6 1s a diagram of a sequence of intra-frames, and
information of whether or not data pieces representing the
intra-frames are used.

FIG. 7 1s a diagram of a digital VIR according to a second
embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

With reference to FIG. 1, a digital VIR (video tape
recorder) includes an intra-data separating section 1 receiv-
ing an 1nput digital picture signal. The 1nput digital picture
signal has an MPEG transport stream of packets of digital
data imncluding video data. The MPEG transport packet
stream 1s generated by making an MPEG data stream 1nto a
sequence of packets. The MPEG data stream contains data
corresponding to intra-frames and data corresponding to
inter-frames. Here, the mtra-frames are generated by an
intra-frame encoding process while the inter-frames are
generated by an inter-frame predictive encoding process.

The digital VIR of FIG. 1 records the mput digital picture
signal on predetermined normal areas of a magnetic tape 9.
The input digital picture signal 1s also referred to as the main
digital picture signal or the main picture data. The digital
VTR of FIG. 1 generates an additional digital picture signal
on the basis of the input digital picture signal. The additional
digital picture signal 1s designed so that effective images can
be reproduced during special playback such as high-speed
playback for search. The digital VIR of FIG. 1 records the
additional digital picture signal on predetermined special
arcas of the magnetic tape 9 which differ from the normal
arcas thereof. The additional digital picture signal 1s also
referred to as the special digital picture signal or the special
picture data.

During normal playback, the digital VIR of FIG. 1 reads
out the main digital picture signal from the magnetic tape 9.
During special playback, the digital VIR of FIG. 1 reads out
the additional digital picture signal from the magnetic tape

9.

The intra-data separating section 1 separates intra-frame-
related data (intra-frame data) from the input digital picture
signal. The intra-data separating section 1 outputs the sepa-
rated intra-frame data to a memory 2. The memory 2 stores
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the intra-frame data. The intra-frame data 1s read out from
the memory 2 before being fed to a code amount calculating
section 3 and a DCT coeflicient deleting section 4.

An 1ntra-frame period detecting section 11 receives the
input digital picture signal, and detects the period N of
intra-frames represented by the mput digital picture signal.
The period N 1s expressed by the number of frames between
two adjacent intra-frames. The intra-frame period detecting
section 11 informs the code amount calculating section 3 of
the detected intra-frame period N.

A frame rate detecting section 12 receives the mput digital
picture signal, and detects the frame rate F of the input
digital picture signal. The frame rate detecting section 12
informs the code amount calculating section 3 of the
detected frame rate F.

Before an explanation of the code amount calculating
section 3 and the DCT coeflicient deleting section 4,
variable-length encoding on DCT coeflicients will be
explained. Every frame represented by a digital picture
signal 1s divided into blocks each having a given number of
adjacent pixels, for example, 8 by 8 adjacent pixels. Seg-
ments of the digital picture signal which correspond to the
respective blocks in one frame are successively subjected to
DCT (discrete cosine transform). For every block, a DCT-
resultant signal segment represents a set of 64 DCT coefli-
cients.

As shown 1n FIG. 2, 64 DCT coefhcients for one DCT
block are arranged 1n a zigzag scan order along a time base.
In FIG. 2, the numerals denote arrangement order numbers
respectively. The DCT coetlicient “17, that 1s, the first DCT
coellicient, corresponds to a data piece representing a direct-
current signal component. The DCT coefficient “2” (the
second DCT coefficient) to the DCT coefficient “64” (the
sixty-fourth DCT coefficient or the last DCT coefficient)
correspond to data pieces representing alternating-current
signal components. The frequency order number of a DCT
coeflicient increases as the arrangement order number
thereof 1ncreases. Thus, the DCT coethicient “2” to the DCT
coellicient “64” are arranged also in the order from the
lowest frequency toward the highest frequency.
Accordingly, the frequency order number and the arrange-
ment order number can be regarded as being substantially
equivalent to each other.

FIG. 3 shows an example of the states of 64 DCT
coellicients. In the example of FIG. 3, the DCT coefficients
“17,427,¢37,%57,%67, 77,107,187, <237, “28”, and “41”
correspond to non-zero levels d1, d2, d3, d5, d6, d7, d10,
d18, d23, d28, and d41 respectively while the other DCT
coellicients correspond to the zero level. Variable-length
encoding assigns a code word to each combination of the
number of successive zero DCT coefficients (the zero run
length) and the level of a subsequent non-zero DCT coef-
ficient. Each code word is expressed as a set “(zero run
length, non-zero level”). The second DCT coefficient “2” to
the last DCT coetlicient “64” 1n the example of FIG. 3 are
encoded into a sequence of code words (0, d2), (0, d3), (1,
ds), (0, dé6), (0, d7), (2, d10), (7, d18), (4, d23), (4, d28), and
(12, d41) followed by an EOB code word representing the
end of a block. The direct-current signal component d1, that
1s, the first DCT coetficient “17, 1s encoded separately. The
result of the encoding of the first DCT coeflicient “1” and the
result of the encoding of the second DCT coeflicient “2” to
the last DCT coetlicient “64” are combined 1nto a 1-block-
corresponding segment of a final encoding-resultant signal.
An EOB code word 1s added to the end of every 1-block-
corresponding segment of the final encoding-resultant sig-
nal.
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The 1ntra-frame data fed from the memory 2 to the code
amount calculating section 3 and the DCT coeflicient delet-
ing section 4 corresponds to such a final encoding-resultant
signal.

To implement data amount reduction, the DCT coeflicient
deleting section 4 deletes a code word or code words having
the arrangement order number (n+1) and higher from the
intra-frame data for every block. Here, “n” denotes a critical
arrangement order number. The DCT coeflicient deleting
section 4 1s 1nformed of the critical arrangement order
number “n” by the code amount calculating section 3. The
DCT coeflicient deleting section 4 uses one of two deletion
techniques “A” and “B”.

According to the deletion technique “A”, when the level
dn of a DCT coefficient “n” (having the arrangement order
number “n”) is non-zero, a code word or code words

between the code word (. . ., dn) and the EOB code word
are deleted. When the level dn of the DCT coefhicient “n”

(having the arrangement order number “n”) 1s zero, the first

code word ( . .., dm) after the “n” place and a later code
word or code words before the EOB code word are deleted.
Here, “m’’>“n’.

According to the deletion technique “B”, when the level
dn of a DCT coefficient “n” (having the arrangement order
number “n”) is non-zero, a code word or code words
between the code word (. . ., dn) and the EOB code word
are deleted. When the level dn of the DCT coeflicient “n”
(having the arrangement order number “n”) is zero, the
second code word ( . . ., dk) after the “n” place and a later
code word or code words before the EOB code word are

deleted.

Here, “k”>“n". In this case, the first code word ( . . ., dm)
after the “n” place 1s not deleted.

In general, reproduced 1mages deteriorate as the critical
arrangement order number “n” decreases. To prevent repro-
duced 1mages from significantly deteriorating, it 1s prefer-
able to hold the critical arrangement order number “n” equal
to or greater than a lower limit “nmin” predetermined 1n
accordance with playback speed.

The code amount calculating section 3 processes the
intra-frame data and thereby estimates a total number of bits
or a code amount CF(nmin) per intra-frame which results
from the deletion of a code word or code words having the
arrangement order number (nmin+1) and higher. In addition,
the code amount calculating section 3 processes the intra-
frame data and thereby estimates a total number of bits or a
code amount CF(n) per intra-frame which results from the
deletion of a code word or code words having the arrange-
ment order number (n+1) and higher. Furthermore, the code
amount calculating section 3 processes the intra-frame data
and thereby estimates a total number of bits or a code
amount CF(n+1) per intra-frame which results from the
deletion of a code word or code words having the arrange-
ment order number (n+2) and higher. For example, the
signal processing to estimate the code amounts CF(nmin),
CF(n), and CF(n+1) is similar to the signal processing by the
DCT coeflicient deleting section 4.

The code amount calculating section 3 decides a target
code amount C (a target total number of bits) per intra-frame
and a pertod NS of itra-frames used for generation of the

special picture data so that the following condition will be
satisfied.

CF(nmin)=C

In addition, the code amount calculating section 3 decides
the critical arrangement order number “n” so that the fol-
lowing conditions will be satisfied.
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CF(n)=C<CF(n+1)

The code amount calculating section 3 calculates a record
capacity Cg for the special picture data per intra-frame by
referring to the following equation.

Cg=R-N/F(bit)

where N denotes the period (frame) of intra-frames repre-
sented by the 1nput digital picture signal, and F denotes the
frame rate (frame/second) of the input digital picture signal
and R denotes a predetermined recording rate (bit/second)
for the special picture data. Generally, the code amount
calculating section 3 uses the record capacity Cg as the
target code amount C. As previously explained, the code
amount calculating section 3 1s informed of the intra-frame
period N by the intra-frame period detector 11. In addition,
the code amount calculating section 3 1s informed by the
frame rate F by the frame rate detecting section 12.

When the target code amount C 1s smaller than the
estimated code amount CF(nmin), that is, when C<CF(min),
the code amount calculating section 3 instructs the DCT
coellicient deleting section 4 to discard data pieces corre-
sponding to at least a next intra-frame. In addition, the code
amount calculating section 3 increments the target code
amount C by the code amount (the record capacity) Cg
corresponding to the next intra-frame. Thus, the code
amount calculating section 3 updates the target code amount
according to a statement as “C=C+Cg”. These steps are
iterated until the tareget code amount C becomes equal to or
greater than the estimated code amount CF(nmin), that is,
until the condition “C=2CF(nmin)” 1s satisfied.

Regarding every used intra-frame (every undiscarded
intra-frame), a code word or code words corresponding to
arrangement order numbers equal to or smaller than the
lower limit “nmin” are undeleted. Accordingly, 1t 1s possible
to prevent reproduced 1images from significantly deteriorat-
Ing.

In the case where the target code amount C 1s smaller than
the estimated code amount CF(nmin) when the target code
amount C 1s equal to the record capacity Cg, and where the
target code amount C 1s equal to or greater than the estimated
code amount CF(nmin) when the target code amount C is
equal to twice the record capacity Cg, the period NS of
intra-frames used for generation of the special picture data
1s equal to twice the intra-frame period N. In the case where
the target code amount C 1s smaller than the estimated code
amount CF(nmin) when the target code amount C is equal to
twice the record capacity Cg, and where the target code
amount C 1s equal to or greater than the estimated code
amount CF(nmin) when the target code amount C is equal to
three times the record capacity Cg, the period NS of intra-
frames used for generation of the special picture data is
equal to three times the intra-frame period N.

As previously explained, when the target code amount C
is smaller than the estimated code amount CF(nmin), data
pieces corresponding to at least a next intra-frame are
discarded. In addition, the target code amount C 1s 1ncre-
mented. When the target code amount C becomes equal to
or greater than the estimated code amount CF(nmin), the
code amount calculating section 3 decides the critical
arrangement order number “n” so that the conditions “CF
(n)=C<CF(n+1)” will be satisfied. The code amount calcu-
lating section 3 informs the DCT coeflicient deleting section
4 of the decided critical arrangement order number “n”. As
previously explained, the DCT coefficient deleting section 4
deletes a code word or code words having the arrangement
order number (n+1) and higher from the intra-frame data for
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every block. The deletion-resultant intra-frame data (the
processing-resultant intra-frame data) generated by the DCT
coellicient deleting section 4 1s used as the special picture
data.

The DCT coeflicient deleting section 4 outputs the
deletion-resultant intra-frame data (the special picture data)
to a packet reconstructing section 5. The packet reconstruct-
ing section 5 makes the deletion-resultant intra-frame data
into a sequence of packets 1n a format similar to the format
of packets 1n the iput digital picture signal. The packet
reconstructing section 5 outputs a sequence of packets of the
special picture data to a formatting section 6.

The formatting section 6 receives the mput digital picture
signal (the main picture data). The formatting section 6
multiplexes the main picture data and the special picture

data 1nto a composite signal of a given recording format. The
main picture data 1s placed in first predetermined time
domains with respect to the composite signal while the
special picture data 1s placed 1n second predetermined time
domains separated by the first predetermined time domains.
The first predetermined time domains correspond to the
normal arcas of the magnetic tape 9 while the second
predetermined time domains correspond to the special areas
of the magnetic tape 9. The composite signal 1s transmitted
from the formatting section 6 to a magnetic head 8 via a
recording amplifier 7. The magnetic head 8 records the
composite signal on a magnetic tape 9 while scanning the
magnetic tape 9 on a helical scan basis.

As shown 1n FIG. 4, the formatting section 6 has a sync
block generating section 61, a channel encoding section 62,
buffer memories 65 and 66, and a timing signal generator 67.
The bufler memory 635 stores the special picture data out-
putted from the packet reconstructing section 5. The bufler
memory 66 stores the main picture data (the input digital
picture signal). The timing signal generator 67 produces a
fiming signal 1n response to, for example, the output signal
of an internal clock signal generator. The produced timing
signal provides timings which correspond to the boundaries
between the first predetermined time domains for the main
picture data and the second predetermined time domains for
the special picture data. The timing signal generator 67
outputs the produced timing signal to the sync block gen-
erating section 61.

The sync block generating section 61 receives the data
discarding 1nstruction from the code amount calculating
section 3 (see FIG. 1). The sync block generating section 61
selectively accesses one of the buffer memories 65 and 66 to
read out the main picture data or the special picture data
therefrom 1n response to the timing signal outputted from the
fiming signal generator 67. During time intervals corre-
sponding to the first predetermined time domains for the
main picture data, the sync block generating section 61
accesses the buffer memory 66 and reads out the main
picture data therefrom. During time intervals corresponding,
to the second predetermined time domains for the special
picture data, the sync block generating section 61 accesses
the builer memory 65 and reads out the special picture data
therefrom 1n the absence of the data discarding instruction.
On the other hand, the sync block generating section 61 fails
to access the buffer memory 65 1n the presence of the data
discarding instruction. The sync block generating section 61
produces a sync pattern signal and an ID code signal. The
sync pattern signal can be used to discriminate sync blocks
from each other. The ID code signal contains information of
a track number. The sync block generating section 61
produces an error correction code signal 1n response to the
readout main picture data and the readout special picture
data. The sync block generating section 61 multiplexes the
readout main picture data, the readout special picture data,
the sync pattern signal, the ID code signal, and the error
correction code signal 1nto a sequence of sync blocks.
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The channel encoding section 62 follows the sync block
ogenerating section 61, and receives the sync-block sequence
therefrom. The channel encoding section 62 converts the
sync-block sequence 1mto a data sequence suited for record
on the magnetic tape 9. The channel encoding section 62
outputs the data sequence as the composite signal which 1s
fed to the magnetic head 8 via the recording amplifier 7.

For example, the magnetic head 8 includes two sub heads
mounted on a rotary drum and having different azimuths
respectively. The magnetic head 8 rotates together with the
rotary drum. The magnetic tape 9 1s wound on the rotary

drum along a helix.

FIG. 5 shows an example of the arrangement of the main
picture data and the special picture data on the magnetic tape
9 which occurs when the magnetic head 8 1s rotated at a
speed of 30 revolutions per second. The azimuths of the two
sub heads 1n the magnetic head 8 are denoted by OH- and
OH+ respectively. With reference to FIG. 5, during normal
recording or normal playback, even-numbered tracks on the
magnetic tape 9 are scanned by the sub head having the
azimuth OH- while odd-numbered tracks on the magnetic
tape 9 are scanned by the sub head having the azimuth OH+.
In FIG. §, the arrow H 1ndicates the direction of the scanning
by the two sub heads which occurs during normal recording
or normal playback.

With reference to FIG. §, the magnetic tape 9 1s divided
into normal areas and special areas. The special areas are
illustrated as hatched areas, and are denoted by 4X, 12X, and
24X. The special areas 4X, 12X, and 24X are spaced from
cach other by the normal arecas along the scanning direction.
The special picture data 1s placed in the special areas 4X,
12X, and 24X while the main picture data 1s placed in the
normal areas. The special areas 4X are designed for search
playback at a speed equal to four times the normal playback
speed. The special areas 12X are designed for search play-
back at a speed equal to twelve times the normal playback
speed. The special areas 24X are designed for search play-
back at a speed equal to twenty-four times the normal
playback speed.

During search playback (special playback), the special
arcas 4X, 12X, and 24X are scanned by only the sub head
having the azimuth OH-. Thus, search playback (special
playback) uses only the sub magnetic head having the
azimuth OH-.

During search playback at a speed equal to four times the
normal playback speed, the special arcas 4X are succes-
sively scanned by the sub head having the azimuth OH- so
that the special picture data 1s read out from the special areas
4X. In this case, the sub head having the azimuth OH- moves
relative to the magnetic tape 9 along trajectories A— (see
FIG. §). On the other hand, the sub head having the azimuth
OH+ moves relative to the magnetic tape 9 along trajectories
A+ (see FIG. 5) which do not meet any special areas 4X.

During search playback at a speed equal to twelve times
the normal playback speed, the special areas 12X are suc-
cessively scanned by the sub head having the azimuth OH-
so that the special picture data 1s read out from the special
arcas 12X. In this case, the sub head having the azimuth OH-
moves relative to the magnetic tape 9 along trajectories B—
(see FIG. 5). On the other hand, the sub head having the
azimuth OH+ moves relative to the magnetic tape 9 along
trajectories B+ (see FIG. §) which do not meet any special
arcas 12X.

During search playback at a speed equal to twenty-four
times the normal playback speed, the special arcas 24X are
successively scanned by the sub head having the azimuth
OH- so that the special picture data 1s read out from the
special arecas 24X. In this case, the sub head having the
azimuth OH- moves relative to the magnetic tape 9 along,
trajectories C— (see FIG. §). On the other hand, the sub head

having the azimuth OH+ moves relative to the magnetic tape
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9 along trajectories C+ (see FIG. §) which do not meet any
special areas 24X.

Regarding the example 1n FIG. 5, the input digital picture
signal has a frame rate F of 30 frame/second, and the
intra-frame period N is equal to 15 frames (corresponding to
0.5 second). Here, the letter “m” is introduced as an indi-
cation of the code amount (the total bit number) which can
be recorded on each special areca 4X. The previously-
indicated record capacity Cg for the special picture data per
intra-frame 1s equal to 8m since there are eight special areas
4X on a 30-track region of the magnetic tape 9. Specifically,
cight special arecas 4X extend on tracks having order num-
bers TN of “07, <27, “87, “107, “167, “187, “24”, and “26”
as shown 1n FIG. 5.

In the case where the target code amount C 1s smaller than
the estimated code amount CF(nmin) when the target code
amount C is equal to the record capacity Cg(=8 m), and

where the target code amount C 1s equal to or greater than
the estimated code amount CF(nmin) when the target code
amount C is equal to twice the record capacity Cg(=16 m),
data pieces related to odd-numbered intra-frames I1, 13, . .
. are used for generation of the special picture data while
data pieces related to even-numbered intra-frames 12, 14, . .
. are discarded as shown 1n FIG. 6. Accordingly, 1n this case,
the period NS of intra-frames used for generation of the
special picture data 1s equal to twice the intra-frame period
N. Thus, the period NS 1s equal to 30 frames.

The special picture data assigned to the special areas 12X
and the special picture data assigned to the special areas 24X
are generated similarly to the above-explained generation of
the special picture data assigned to the special areas 4X.

The digital VIR of FIG. 1 may be modified as follows. A
first modification of the digital VIR of FIG. 1 1s designed for
an 1nput digital picture signal of the intra slice type 1n which
an 1ntra mode 1s periodically implemented 1n unit of slice to
refresh a picture represented by the input digital picture
signal. In the first modification of the digital VIR of FIG. 1,
data pieces of 1ntra slices from an uppermost intra slice to a
lowermost 1ntra slice with respect to a display screen are
collected 1nto a data set 1n a time series order. The data set
1s subjected to data processing similar to the previously-
mentioned data processing while being regarded as data
corresponding to one intra frame.

A second modification of the digital VIR of FIG. 1 uses
a magnetic disk instead of the magnetic tape 9.

Second Embodiment

FIG. 7 shows a digital VIR which 1s similar to the digital
VTR of FIG. 1 except for the following design changes. The
digital VIR of FIG. 7 includes a motion detecting section
71. The motion detecting section 71 refers to motion vector
data contained 1n the mput digital picture signal, and thereby
detects the degree of motion 1n pictures represented by the
input digital picture signal. The motion detecting section 71
informs the code amount calculating section 3 of the
detected degree of motion. The code amount calculating
section 3 decreases the lower limit “nmin” of the critical

arrangement order number “n” as the detected degree of

motion increases. The digital VIR of FIG. 7 1s able to
optimize a balance between a reproduced 1image quality and
a frame rate of special picture data.

What 1s claimed 1s:

1. An apparatus for recording a digital picture signal on a
recording medium, comprising:

first means for deleting code words, which correspond to
orthogonal-transform-resultant coefficients having
order numbers equal to or higher than an order number
“n+1”, from code words composing each 1-intra-frame
segment of an 1nput digital picture signal to generate
special picture data with a frame period NS on the basis
of the mput digital picture signal;
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second means for estimating a code amount CF(nmin) of
special picture data generated by deleting code words,
which correspond to orthogonal-transform-resultant
coellicients having order numbers equal to or higher
than an order number “nmin+1”, from code words
composing a 1-intra-frame segment of the mput digital
picture signal, where “nmin” denotes a lower limit of
an order number “n”’;

third means for deciding the frame period NS of the
special picture data and a target code amount C so that
the code amount CF(nmin) estimated by the second
means will be equal to or smaller than the target code
amount C;

fourth means for recording the input digital picture signal
on the recording medium; and

fifth means for recording the special picture data gener-
ated by the first means on predetermined positions 1n
the recording medium.

2. The apparatus of claim 1, wherein the third means

COMPIISES:

means for deciding whether or not the code amount
CF(nmin) estimated by the second means is greater
than the target code amount C;

means for preventing at least a next 1-intra-frame segment
of the mput digital picture signal from being used by
the first means to generate the special picture data; and

means for mncrementing the target code amount C by a
value equal to a code amount corresponding to the next
1-intra-frame segment of the input digital picture sig-
nal.

3. The apparatus of claim 1, further comprising:

sixth means for estimating a code amount CF(n) of the
special picture data generated by the first means per
intra-frame;

seventh means for estimating a code amount CF(n+1) of
special picture data generated by deleting code words,
which correspond to orthogonal-transform-resultant
coellicients having order numbers equal to or higher
than an order number “n+2”, from code words com-
posing a l-intra-frame segment of the imput digital
picture signal; and

cighth means for deciding the order number “n” so that
the target code amount C will exist between the code
amount CF(n) estimated by the sixth means and the
code amount CF(n+1) estimated by the seventh means.
4. The apparatus of claim 1, further comprising;:

sixth means for referring to motion vector data 1n the 1nput
digital picture signal, and thereby detecting a degree of
motion in a picture represented by the input digital
picture signal; and

seventh means for decreasing the lower limit “nmin” as
the motion degree detected by the sixth means
INCreases.

5. An apparatus for processing and recording a digital
picture signal representing a sequence of frames including,
intra-frames and inter-frames, the intra-frames relating to
secgments of the digital picture signal which result from
intra-frame encoding, the mter-frames relating to segments
of the digital picture signal which result of inter-frame
encoding, the digital picture signal having a sequence of
code words related to DCT coeflicients resulting from DCT
block encoding, the DCT coeflicients being arrangement 1n
a given order for every block, the apparatus comprising;:

first means for deleting code words, which correspond to
DCT coetficients having arrangement order numbers
higher than an arrangement order number “n”, from
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code words related to each of blocks composing a
1-1ntra-frame segment of the input digital picture signal
to generate special picture data on the basis of the
digital picture signal;

second means for estimating an amount of the special
picture data generated by the first means per intra-
frame;

third means for controlling the arrangement order number

n” 1n response to the amount of the special picture data
which 1s estimated by the second means;

fourth means for recording the digital picture signal on
first areas of a recording medium; and

fifth means for recording the special picture data gener-

ated by the first means on second areas of the recording
medium which differ from the first areas.

6. An apparatus for processing and recording a digital
picture signal representing a sequence of frames including
intra-frames and inter-frames, the intra-frames relating to
secgoments of the digital picture signal which result from
intra-frame encoding, the inter-frames relating to segments
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of the digital picture signal which result from inter-frame
encoding, the apparatus comprising:

first means for generating special picture data on the basis
of 1-intra-frame segments of the digital picture signal;

second means for estimating an amount of the special
picture data generated by the first means per intra-
frame;

third means for selectively discarding a 1-intra-frame
segment of the digital picture signal, and thereby pre-
venting said 1-intra-frame segment of the digital pic-
ture signal from being used by the first meas 1n
response to the amount estimated by the second means;

fourth means for recording the digital picture signal on
first areas of a recording medium; and

fifth means for recording the special picture data gener-
ated by the first means on second areas of the recording,
medium which differ from the first areas.
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